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Abstract 
This paper summarizes our research findings on the chemistry of eucalyptus wood, with especial 
emphasis on the composition of the lipids and lignin, since these two fractions are of high importance during 
industrial processing of wood for pulp and papermaking. The paper also reports the differences in 
composition among different eucalyptus species and their modifications with age. In addition, the behavior of 
these two fractions during the pulping and bleaching processes are also discussed. 
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Introduction 
Eucalypt is becoming the most important fiber source for papermaking worldwide. It is used as raw 
material for paper pulp manufacturing in Southwest Europe, Brazil, South Africa, Japan and other countries. 
Eucalypt is the largest single global source of market pulp and its use for pulp production has greatly 
increased during last decades: world production with nearly 10 million tons per year is about one third of the 
total hardwood pulp produced. The major interest in eucalypt wood comes from its low production cost in 
certain regions, due mainly to high forest productivity and high pulp yield and the outstanding quality of their 
fibers. The ongoing scientific and technical advances achieved in production of eucalyptus fibers, from forest 
to product, and the increasing understanding of their applications in various paper grades have made these 
the preferred fibers worldwide.  
In this paper, we summarize the recent advances in the chemistry of eucalypt wood, with special 
emphasis in the lipid and lignin composition since these two fractions play an important role during pulping 
and papermaking. The content and chemical structure of wood components, in particular the lignin content 
and its composition in terms of its p-hydroxyphenyl (H), guaiacyl (G) and syringyl (S) moieties and the 
different inter-unit linkages are important parameters in pulp production in view of delignification rates, 
chemical consumption and pulp yields. The higher reactivity of the S lignin with respect to the G lignin in 
alkaline systems is known and therefore, the lignin S/G ratio in hardwoods affects the pulping efficiency. It 
has already been shown for eucalypt woods that higher S/G ratios imply higher delignification rates, less 
alkali consumption and therefore higher pulp yield [1,2]. On the other hand, extractives, especially the 
lipophilic compounds, are also important for pulp and paper production. Extractives are released from the 
fibers during pulping and can form colloidal pitch and cause production troubles as deposits. In the 
manufacture of alkaline pulps, a large part of the lipids is removed from the wood during cooking. However, 
some substances survive this process and can be found as pulp extractives. If they form the so-called pitch 
deposits, the consequences are serious, including reduced product quality and higher operating costs due to 
production stops for cleaning the equipment [3-5]. The increasing trend in recirculating water in pulp mills 
aggravates these problems. 
The paper summarizes the findings of our research group as well as of others over the last years, with 
a focus on the chemistry of lipids and lignin, as well as their fate during cooking and bleaching.    
 
Results and Discussion 
Table 1 reflects the pulping characteristics of the woods from different eucalypt species (E. globulus, 
E. nitens, E. maidenii, E. grandis, and E. dunnii). The E. globulus wood (grown in Northwest Spain) causes 
the lowest alkali consumption and gives rise to the highest pulp yield (59.5%), while for E. dunnii wood the 
highest alkali consumption is typical accompanied by the lowest pulp yield (48.7%). The lipid and lignin 
content of the woods from the different eucalypt species is also listed in Table 1. The Klason lignin content 
was in the range from 18.7-22.6%, the lowest content being for E. globulus wood. The lipid content, 
estimated as the fraction of the acetone extracts that can be redissolved in chloroform, with less than 0.6%, 
is low for all eucalypt woods; the lowest value corresponds also to E. globulus wood. 
_________________________________________________________________________________ 
5th International Colloquium on Eucalyptus Pulp, May 9-12, 2011. Porto Seguro, Bahia, Brazil. 
 
 
 
Accordingly, E. globulus wood seems to be the best choice for pulping and papermaking (low lignin 
content and less pitch problems), among all the species. However, it is not only the content but also the 
composition that influences the chemistry of the lipids and lignin, and therefore, we summarize here the 
detailed composition of the lipids and lignin as well as their performance during pulping and bleaching. 
 
Lipid composition 
A lot of research has been devoted to the characterization of the lipid composition of the eucalypt 
wood, including woods from different species and hybrids [6-10]. In all cases, the lipid composition is very 
similar, differing only in the relative content of the different lipid classes. A representative chromatogram of 
the lipophilic fraction of an eucalypt wood is shown in Figure 1. The most predominant lipophilic compounds 
present in eucalypt woods are steroids, including sterols, sterol esters and sterol glycosides, with lower 
amounts of steroid ketones and steroid hydrocarbons (Figure 2, left). Other compounds present are series 
of fatty acids, fatty alcohols, ω-hydroxyfatty acids, mono-, di- and triglycerides, tocopherols (free and 
esterified), alkylferulates and minor amounts of squalene (Figure 2, right). The composition of the main 
lipophilic compounds present in the woods of different species of eucalypt is shown in Table 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Free sterols are among the major compound class in the extracts of all eucalypt woods (ranging from 
268 to 543 mg kg-1 wood), sitosterol (I) and stigmastanol (II) being the main sterols present in all eucalypt 
woods. Minor amounts of other sterols, such as campesterol (III), fucosterol (IV), cycloartenol (V), 24-
Table 1. Kraft cooking results and chemical composition (lipids and Klason lignin content) of the woods 
from different eucalypt species [6] 
 
Wood sample Density 
(kg m-3) 
Active alkali 
(%) 
Kappa 
number 
Pulp yield 
(% of wood) 
Viscosity 
(ml g-1) 
Lipophilic 
extractives 
Klason 
lignin 
E. globulus 600 13.0 16.1 59.5 1413 0.3 18.7 
E. nitens 450 17.5 16.3 50.4 1177 0.6 22.5 
E. maidenii 600 18.0 16.5 50.8 1093 0.5 22.6 
E. grandis 435 17.0 15.7 49.7 1148 0.5 21.1 
E. dunnii 595 20.0 16.1 48.7 931 0.6 21.6 
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Figure 1. Chromatogram of the lipophilic extractives (as TMSi ether derivatives) from a selected 
eucalypt (E. nitens) wood (see ref. [6] for chromatographic conditions). 
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methylenecycloartanol (VI), citrostadienol (VII) and 7-oxositosterol (VIII), are also present. E. globulus and E. 
dunnii woods present the lowest amounts of free sterols, whereas E. nitens contained the highest quantities 
of free sterols. Significant amounts (from 65 to 206 mg kg-1 wood) of sterol glycosides, principally sitosteryl 
3β-D-glucopyranoside (IX), are found in the extracts of all the eucalypt wood species. Sitosteryl 3β-D-
glucopyranoside is especially abundant in E. nitens and E. grandis, whereas the content is low in E. globulus 
and E. maidenii. Sterol esters are also present in high amounts among the lipophilic extractives from the 
eucalypt woods, accounting from 214 to 828 mg kg-1 wood, the major abundances observed for E. nitens 
wood and the lowest for E. grandis and E. globulus woods. The sterol esters corresponded mainly to 
sitosterol and stigmastanol ester series, with minor amounts of series of campesterol, fucosterol, 
cycloartenol and 24-methylenecycloartanol esters. Saponification of the sterol ester fraction isolated after 
SPE, indicated that the major sterol ester present in the eucalypt wood extracts is sitosteryl linoleate (X) [7]. 
Other steroid compounds, such as steroid ketones and steroid hydrocarbons, are also important 
components in the eucalypt woods. Steroid ketones accounted for 37 to 113 mg kg-1 wood, being mainly 
constituted by stigmastan-3-one (XI), stigmast-4-en-3-one (XII), stigmasta-3,5-dien-7-one (XIII) and 
stigmasta-3,6-dione (XIV). Different steroid hydrocarbons (mono-, di- and triunsaturated) are also identified, 
although in low amounts, stigmasta-3,5-diene (XV) being the most predominant. It is important to note that 
free and conjugated (esters and glycosides) sterols are the main compounds responsible for pitch deposition 
during kraft cooking of eucalypt wood [10-13]. The woods from E. globulus and E. dunnii have the lowest 
content of free and conjugated sterols and therefore will have less pitch problems, whereas the wood from E. 
nitens contains the highest content of these detrimental pitch-forming lipids and therefore, special attention 
has to be paid when using this eucalypt specie. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. (Left), structures of the main steroid compounds identified in eucalypt woods and referred in the 
text. (I) sitosterol, (II) stigmastanol, (III) campesterol, (IV) fucosterol, (V) cycloartenol, (VI) 24-
methylenecycloartanol, (VII) citrostadienol, (VIII) 7-oxositosterol, (IX) sitosteryl 3β-D-glucopyranoside, (X) 
sitosteryl linoleate, (XI) stigmastan-3-one, (XII) stigmast-4-en-3-one, (XIII) stigmasta-3,5-dien-7-one, (XIV) 
stigmasta-3,6-dione, (XV) stigmasta-3,5-diene; (Right), Structures of the non-steroid compounds identified 
in the eucalypt woods and referred in the text. (XVI) palmitic acid, (XVII) oleic acid, (XVIII) linoleic  acid, 
(XIX) 22-hydroxydocosanoic, (XX) α-tocopherol, (XXI) β-tocopherol, (XXII) α-tocopherol linoleate, (XXIII) β-
tocopherol linoleate, (XXIV) trans-docosanyl ferulate, (XXV) trans-feruloyloxydocosanoic acid, (XXVI) 
docosanoic acid, 2,3-dihydroxypropyl ester, (XXVII) tripalmitin, (XXVIII) squalene, (XXIX) n-docosanol. 
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Table 2. Composition of lipophilic extractives (mg kg-1 wood) from the woods of different eucalypt species [5]. 
 
Compounds E. globulus E. nitens E. maidenii E. grandis E. dunnii 
      
Fatty acids 306.7 432.2 200.9 307.4 428.9 
  n-hexadecanoic acid 88.3 112.7 39.3 75.4 112.3 
  9,12-octadecadienoic acid 48.6 95.9 35.9 45.0 60.4 
  9-octadecenoic acid 39.6 63.9 51.6 41.5 112.2 
  n-octadecanoic acid 8.5 14.0 9.3 12.0 23.7 
  n-eicosanoic acid 5.6 11.0 4.1 8.3 9.3 
  n-docosanoic acid 20.7 27.7 10.9 16.9 14.9 
  n-tetracosanoic acid 34.2 46.1 17.9 39.9 28.8 
  n-hexacosanoic acid 31.9 16.5 14.2 25.1 26.7 
  other fatty acids 29.3 44.4 17.7 43.3 40.6 
ω-Hydroxyfatty acids 23.9 17.4 13.9 9.1 10.5 
Sterols 268.3 543.5 336.2 361.5 272.3 
  campesterol 2.8 6.9 2.7 2.9 2.4 
  sitosterol 190.3 396.2 263.2 287.0 212.1 
  stigmastanol 45.7 84.9 53.9 55.6 43.0 
  fucosterol 4.4 24.2 3.9 7.4 1.8 
  cycloartenol 8.1 22.8 2.4 0.1 2.7 
  24-methylenecycloartanol 5.7 - - - 1.4 
  citrostadienol 2.6 1.1 6.0 2.0 5.0 
  7-oxositosterol 8.7 7.5 4.3 6.5 4.0 
Steroid ketones 37.2 72.0 113.0 59.7 95.4 
Steroid Hydrocarbons 31.3 30.5 22.2 19.4 26.6 
Squalene 1.6 1.2 1.6 0.2 2.0 
Fatty alcohols  2.4 7.2 3.9 4.1 2.0 
Tocopherols  8.5 6.5 11.5 8.3 10.5 
Monoglycerides 117.4 121.4 80.3 58.7 61.7 
Diglycerides 0.4 0.3 tr 0.2 0.6 
n-Alkylferulates 5.8 3.4 1.2 1.6 7.9 
ω-Carboxyalkylferulates 22.4 1.2 tr 1.1 3.8 
Sterol glycosides 65.1 206.0 68.1 159.5 89.5 
  sitosteryl 3β-D-glucopyranoside 65.1 206.0 68.1 159.5 89.5 
Tocopherol esters  5.8 15.9 6.1 6.4 9.7 
Sterol esters 250.2 828.5 434.4 214.3 289.6 
  Sitosterol esters 153.1 515.3 297.1 149.2 197.2 
  Stigmastanol esters 52.3 163.3 87.3 41.8 57.6 
  Other sterol esters 44.8 149.9 50.0 23.3 34.8 
Triglycerides 11.2 21.0 38.1 15.7 28.0 
 
 
 
 
Free fatty acids are also relevant constituents of the eucalypt wood extractives. The series of free fatty acids 
accounted for 201 to 432 mg kg-1 wood, and occurred in the range from C14 to C30 with a strong even-over-
odd carbon atom number predominance and the dominant component being palmitic acid (XVI) together 
with oleic (XVII) and linoleic (XVIII) acids. ω-Hydroxyfatty acids, such as 22-hydroxydocosanoic (XIX) and 
24-hydroxytetracosanoic acids, are also found in all samples. Other compounds identified, although in low 
amounts, are tocopherols, including α-tocopherol (XX) and β-tocopherol (XXI), in free and esterified form 
(XXII and XXIII) in the range from C12 to C20 including the unsaturated oleic (C18:1) and linoleic (C18:2) acids. A 
series of compounds in which ferulic acid was esterified both with long-chain n-fatty alcohols (XXIV) and with 
ω-hydroxyfatty acids (XXV) are also found among eucalypt wood extractives. The series of n-alkyl trans-
ferulates occurred in the range from C20 to C26, with a predominance of the even carbon atom number 
homologs, C22 and C24 being the most prominent in all the woods except in E. dunnii where C24 and C26 
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chain lengths are prevalent. The feruloyl ester-linked ω-hydroxyfatty acids, which have been rarely reported 
in plants, are present in the range from C16 to C26, the C22 and C24 homologs being the most abundant in all 
woods except in E. dunnii where C24 and C26 predominate. Glycerides, including mono-, di- and triglycerides, 
are also found with a predominance of the monoglycerides. Monoglycerides (XXVI) are present in relatively 
high amounts (from 59 to 121 mg kg-1 wood) from C14 to C30, and a predominance of the even carbon atom 
number homologs (C24, C26 and C28 are the most abundant). A series of monoglycerides of ω-hydroxyfatty 
acids in the range from C24 to C28, are also found in minor amounts in the extracts of eucalypt woods. 
Triglycerides, accounting for 11 to 38 mg kg-1 wood, are mainly constituted by tripalmitin (XXVII), while 
diglycerides are present only in very minor amounts in eucalypt wood extracts. Finally, minor amounts of 
other compounds such as squalene (XXVIII) and series of fatty alcohols (XXIX) ranging from C14 to C28, are 
found in all eucalypt extracts. 
 
Behavior of lipids during pulping and bleaching 
Eucalypt wood is generally pulped by an alkaline process, usually kraft pulping. Therefore, we discuss 
the behavior and fate of the different lipophilic components during the kraft cooking. The lipids present in 
eucalypt wood can be classified, in general terms, into two principal groups, namely fatty acids (including 
also ω-hydroxyfatty acids) and neutral components, including free and conjugated sterol, steroid 
hydrocarbons and ketones. The different lipids classes have different behavior during cooking and bleaching 
[14,15]. During kraft cooking glycerol esters are completely hydrolyzed and the fatty acids dissolved as 
sodium salts in the cooking liquor. By contrast, sterol esters and especially cycloartenol and 24-
methylenecycloartanol esters, which have two methyl groups in the C4, are not extensively hydrolyzed and 
survive the alkaline cooking to a high extent, being present in the unbleached pulp [3]. The remaining sterol 
esters together with free sterols, steryl glycosides and steroid hydrocarbons and ketones do not form soluble 
soaps under the alkaline pulping conditions and therefore survive cooking. These compounds have a very 
low solubility in water and are difficult to remove, and therefore can be at the origin of pitch deposition. The 
high amounts of these neutral compounds in most of the eucalypt woods, and particularly the high 
abundances of free and conjugated sterols, which have a high propensity to form pitch deposits [10-13] 
would point to a high pitch deposition tendency of the lipophilics from the eucalypt woods. The fatty acid 
soaps are effective solubilizing agents facilitating the removal from pulp of sparingly soluble neutral 
substances such as sterols. When the content of fatty acids is low compared to that of unsaponifiable 
substances, as in eucalypt wood, the fatty acid soaps formed during the cooking do not possess sufficient 
micellar-forming properties to carry the less polar compounds into solution. So, an unbleached pulp with 
high proportion of wood lipids is produced. The high concentration of unsaponifiable compounds with 
respect to the saponifiable extractives is the main cause for pitch problems in the kraft pulping of some 
hardwoods used by the pulp and paper industry, such as aspen or eucalypt. 
Although a large part of the lipids originally present in wood is removed in the kraft cooking, however, 
the extractives remaining in the brownstock pulp will be carried over to the bleach plant where they will react 
with the bleaching chemicals to various degrees depending on their chemical structure and on the bleaching 
agent used. The new trends to use environmentally-sound bleaching processes such as “totally chlorine 
free” (TCF) in place of “elemental chlorine free” (ECF) sequences, are increasing the severity of pitch 
problems during kraft pulping of some types of wood. The composition of the lipophilic extractives in pulp 
after kraft cooking and TCF bleaching with hydrogen peroxide was similar to that of eucalypt wood 
extractives, sitosterol and sitosterol esters being the predominant compounds. In contrast, the presence of 
these compounds was almost negligible in pulp after ECF bleaching with chlorine dioxide and only the 
saturated sterol stigmastanol, in both free and esterified forms, survived the bleaching [3,16]. In general 
terms, the oxygen prebleaching and the hydrogen peroxide bleaching stages have minor influence on the 
composition of pulp extracts. In contrast, the composition of the lipophilic extracts from the chlorine dioxide 
bleached pulp was quite different from that after hydrogen peroxide bleaching. The amount of sitosterol in 
pulp decreased more than 99% after bleaching with chlorine dioxide to full brightness, whereas the amount 
of stigmastanol only decreased about 30%. The lower decrease of sitosterol in the hydrogen peroxide 
bleached pulp indicates that this bleaching agent has lower capacity than chlorine dioxide to oxidize 
unsaturated sterols [3,16]. Likewise, the series of sterol esters identified in the ECF pulp corresponded to 
stigmastanol esters, and only traces of sitosterol esters were identified [3]. 
 
Composition of pitch deposits produced during manufacturing of eucalypt kraft pulps 
Lipophilic colloidal particles surviving the action of bleaching chemicals can coalesce and form the so-
called pitch deposits in pulp or equipment resulting. Pitch deposits collected from different parts of the pulp-
_________________________________________________________________________________ 
5th International Colloquium on Eucalyptus Pulp, May 9-12, 2011. Porto Seguro, Bahia, Brazil. 
 
mill in both ECF and TCF bleaching processes comprise an acetone-soluble fraction (30-45%) and an 
acetone-insoluble fraction (55-70%). Free and conjugated (esters and glycosides) sterols are the main 
compounds present in the acetone-soluble fraction of pitch deposits during manufacturing of eucalypt kraft 
pulp [10-13], and their composition varies according to the bleaching chemicals used. While oxygen and 
peroxide have little effect on the sterol composition, and therefore free and conjugated sitosterol is the main 
compound present in pitch deposits produced after oxygen and peroxide bleaching, chlorine dioxide 
bleaching led to an almost complete removal of unsatutared sterols and only the saturated stigmastanol 
survive ECF bleaching, being the main sterol present in pitch deposits produced after ECF bleaching. The 
acetone-insoluble part is mainly composed of fatty acid salts (with Fe, Mg, Ca), with minor amounts of ellagic 
acid salts, mostly deposited as Mg complex, as well as varying amounts of lignin-derived phenolic moieties. 
As in the case of the sterols present in the extracts, the chlorine dioxide bleaching also led to the complete 
removal of unsaturated fatty acids and therefore, only saturated fatty acids are present in the pitch deposits 
after ECF bleaching. Deposition of these fatty acid salts can be induced by several factors including the pH, 
the ionic strength and the concentration of multivalent ions in the pulping and bleaching process. When pH 
is sufficiently high, as during alkaline cooking, the fatty acids dissociate and can dissolve in water, forming 
sodium soaps. Sodium soaps of fatty acids are soluble in alkali, if the ionic strength is not too high and the 
concentration of multivalent metal ions is not high enough to precipitate insoluble soaps. In the subsequent 
steps after the cooking, when the pH comes down, di- and trivalent metal ions present in the water will react 
with the carboxylate groups of the fatty acids in competition with sodium ions to produce insoluble, sticky, 
hard water soaps that have a tendency to deposit. 
 
Lignin composition 
The chemical composition of eucalypt lignin has been analyzed by many authors using different 
analytical methods, including Py-GC/MS, 2D-NMR, thioacidolysis, among others [1,5,17-21]. The results 
indicate the predominance of syringyl over guaiacyl units and only showed traces of p-hydroxyphenyl units, 
with high S/G ratios, ranging from 2 to 3, among the different eucalypt species (Table 3). The wood from E. 
globulus presents the highest S/G ratio, which makes it easier to be delignified under kraft cooking due to 
the higher reactivity of the S-lignin in alkaline systems. On the other hand, the woods from E. grandis and E. 
dunni presents the lowest S/G ratio, which together with their higher lignin content makes them more difficult 
to delignify than E. globulus. The higher S/G ratio, together with its lower lignin content, is in agreement with 
the lowest alkali consumption and the highest pulp yield observed for E. globulus, as reported in Table 1. 
 
 
 
 
Table 3. Molar S/G ratios of the MWL from different eucalypt woods estimated 
by different analytical techniques [17] 
 
 E. globulus E. nitens E. maidenii E. grandis E. dunnii 
Py-GC/MS 2.6 2.1 2.0 1.9 2.4 
2D-NMR 2.9 2.7 2.4 1.7 2.7 
Thioacidolysis 2.5 2.1 1.8 1.6 2.3 
 
 
 
 
Additional information regarding the inter-unit linkages were provided by 2D-NMR (Figure 3). The 
percentage of lignin side-chains involved in the main substructures and terminal structures found in the 
eucalypt lignins (referred to total side-chains) obtained from 2D-NMR, are indicated in Table 4. In all cases, 
the main substructure was the β-O-4' alkyl aryl ether (A) that corresponded to around 70% of all side-chains. 
E. nitens, E. globulus and E. maidenii presented the highest proportion of β-O-4' linkages, while E. grandis 
and E. dunnii presented the lowest proportion. The second most abundant linkage in eucalypt lignin 
corresponded to the resinol substructure (B) that involved around 17% of all side-chains, the highest 
proportion being found in E. dunnii. Interestingly, analysis of desulphurated thioacidolysis products indicated 
that the β-β' substructures present in the eucalypt MWL are almost exclusively of syringaresinol type [17]. 
The other linkages, such as phenylcoumaran (C) or spirodienone (D), are present in lower proportions.  
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Figure 2. Expanded side-chain region, δC/δH 50-90/2.6-5.6 ppm, of the HSQC spectrum of a representative 
MWL (from E. dunnii wood). The main structures observed were: (A) β-O-4' linkages; (B) resinol formed by 
β-β', α-O-γ' and γ-O-α' linkages; (C) phenylcoumarane structures formed by β-5' and α-O-4' linkages; (D) 
spirodienone structures formed by β -1', α-O-4' linkages; (E) Cα-oxidized β-O-4' linkages; (F) p-
hydroxycinnamyl alcohol terminal unit  (See ref. [17] for NMR conditions) 
 
 
 
 
 
 
Table 4. Percentage of lignin side-chains forming different inter-unit linkages (A-E) and terminal 
structures (F) from integration of 13C-1H correlation signals in the HSQC spectra of MWL from wood of the 
different eucalypt species analyzed (referred to total side-chains) [17] 
 
  E. globulus E. nitens E. maidenii E. grandis E. dunnii 
β-O-4' aryl alkyl ether (A) 69.3 71.7 69.7 66.9 65.9 
Resinol (B) 18.2 16.1 16.4 16.5 19.0 
Phenylcoumaran (C)  2.9  4.0  3.6  6.8  4.0 
Spirodienone (D)  2.8  1.3  3.6  2.9  4.2 
β-O-4'-Cα=O (E)  2.0  1.3  1.7  1.7  1.9 
p-Hydroxycinnamyl alcohols (F)  4.7  5.7  4.9  5.3  4.9 
 
 
 
 
β-O-4' aryl alkyl ether linkages are easily cleaved during alkaline cooking, while condensed linkages 
(such as β-β', β-5' and β-1') resist cooking conditions [22]. The high abundance of non-condensed linkages 
in the lignins of all eucalypt woods makes them particularly easily to delignify and a very interesting raw 
material for pulp and papermaking. Among the different species, the lignin from E. dunnii presents the lowest 
proportion of non-condensed β-O-4' ether linkages, and the highest proportion of condensed structures. This 
fact could explain why the wood from E. dunnii is the most difficult to delignify despite having a relatively 
high S/G ratio. 
Changes in the eucalypt lignin structure during plant growth were also investigated. The total lignin 
content increases during growth (from 16 % in the 1-month-old sample to 25% in the 9-year-old wood) and 
the composition also changes, p-hydroxyphenyl (H) and guaiacyl (G) units are deposited at the earlier 
stages, whereas the woods are enriched in syringyl (S) lignin during late lignification [18]. This difference in 
timing of monolignol deposition would also be responsible for the within-tree variation of the S/G ratio 
observed in Eucalyptus camaldulensis wood [23]. 
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Behavior of lignin during pulping and bleaching 
Kraft pulping is the most common wood pulping method, and the modifications in lignin have been 
investigated in detail [24], including kraft pulping of eucalypt wood [25]. Kraft pulping resulted in an increase 
of the S/G ratio of the dissolved kraft lignin up to a ratio of ca. 5, compared with the ratio of ca. 3 found in 
native eucalypt lignin, together with a decrease of the S/G ratio in kraft pulp residual lignin due to the fact 
that that S-type lignin (which is less condensed than G-lignin because of absence of 5-5’ linkages) is more 
easily solubilized during alkaline cooking. Lignin inter-unit linkages are also affected by kraft pulping. In the 
pulp residual lignin, a certain decrease in the content of lignin side-chains are observed but their relative 
abundance are not significantly modified (77% β-O-4', 18% resinol and 1% phenylcoumaran side-cains) with 
respect to that in the native eucalypt lignin. In kraft lignin, the decrease of side-chain linkages was very 
significant and the relative abundance of the surviving inter-unit bonds are dramatically modified, resulting in 
high percentage of resinol linkages (77% side-chains) with low amounts of β-O-4' linkages. The extensive 
breakdown of β-O-4' linkages, together with eventual demethoxylation or hydroxylation, during kraft pulping 
resulted in very high phenolic content of kraft lignin [25] compared with native eucalypt lignin, where 
etherified units predominate. The relative percentage of aliphatic hydroxyls strongly decreased in the kraft 
lignin, compared with the eucalypt native lignin, in agreement with side-chain removal. This indicates that 
pulping caused partial degradation of lignin-unit side-chains resulting in depolymerization, and solubilization 
of strongly phenolic kraft lignin with a strong predominance of resinol-type structures, whereas the residual 
lignin in pulp remains less severely altered [26]. 
Fully bleached pulps are usually obtained by the ECF and TCF processes, both including an oxygen 
delignification stage. There is abundant literature on the effect of oxygen on the lignin in pulps from different 
woods, including eucalypt wood [27]. Lignin composition and the relative abundances of the inter-unit 
linkages were barely modified by the oxygen stage. In this sense, it has been reported that oxygen mainly 
acts on superficial pulp lignin, total lignin maintained most of its structural features [26], although oxygen 
delignification resulted in an increase of oxidized S-units. It is generally accepted that the action of oxygen 
on lignin focuses on phenolic units, resulting in ring opening and muconic acid formation. Hydrogen peroxide 
is a common bleaching agent in industrial TCF processes, often in combination with oxygen delignification. 
The chemistry of peroxide bleaching has been described, including its effect on pulp lignin [28]. Peroxide 
bleaching only caused a small modification of the composition and structure of the residual lignin. Removal 
of aromatic ring-conjugated ketones by alkaline peroxide contributes to pulp bleaching, since they act as 
chromophoric groups. In contrast, terminal structures with conjugated and non-conjugated carboxyls are still 
present. In ECF bleaching, with the use of a chlorine dioxide stage after oxygen delignification, the residual 
lignin is almost completely removed from the pulp (with a kappa number ca. 1), although some lignin 
markers, predominantly from recalcitrant G-lignin units, can still be observed [29].  
 
Conclusions 
The lipid and lignin composition of the woods from different eucalypt species has been summarized 
here. E. globulus has the lowest lignin content and the highest S/G ratio in the lignin. This finding is in 
agreement with the lowest alkali consumption and the highest pulp yields observed for this wood in the 
course of pulping experiments. The lowest lipid content in E. globulus, especially the lowest content in pitch-
forming lipids, such as free and conjugated (esters and glycosides) sterols, also indicates that this species is 
the most valuable one among the eucalypt trees for pulp and papermaking. 
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